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2.2. CT HA} ¥

B2E 2= 249 64219 DSCT Al ~Hl(second—generation 64—
channel dual—source system, Somatom Definition Flash, Siemens Health
Care Sector, Forchheim, Germany)< A}&3te] o]5 ouyA A3t w5

2o AdH =JHAAE A B o] AIAEE 9058 ZAEE o] FH )
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2
30
1

= F 709 X-ray tubeE 7FX 1 O Z} tubeo] M&3= A=
715 7FAa Qltk. A tubet 140 kVE AR 162 mAsS] A/H=2 Ao
913, B tubex 100 kVE A4 138 mAse AF=ZE Aol Ut Tubel

rotation time< 0.33 % ©]t}.

DE CT—-PA¥ bolus tracking 7|Hoz FHJHdow 3shxte]
antecubital ™S E3 A power injectors ©] €3] 4m/s¥ HSEE 50ml

9] TIopamidol (370 mg/ml of iodine, Pamiray 370, Dongkook
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2.3.2. A4 A7 "] (RVD/LVD ratio, VD ratio) =74

44 A7 HE FRCT #5 69 389 199 948 oate o
shel =75 91uk.

AA A7 vl CTY axial olu|A| oA =AYty Interventricular
septum} free wall Afol & Z4atH 49 359} £70] Hrs 2433

om Ggelr A #HAAe) AAo] I 2 kel FAsAT (L
7

A A7 8] (VD ratio) = 44 A3 RVD)/ #44e] 274 (LVD)

x 100
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2.3.3. ¥ #HFA<LEHY (PDvol) 5%

¥ #HFAE&39 (PDvo) e &5 CT 9= 6@ Ao 139 JAk9)

A%

7}

H #RdE 7y 542 dstel WA G A AZE Y (image
post—processing software)?l LungPBV(Syngo Dual Energy, Siemens

Healthcare) & o] €3] 2= ¥ A% (iodine distribution map)= 243U

e}

(28 3). dFA<ET7] (perfusion defect size)s= H3 A4 AMXE9o]
(Volume analysis, software version VE31A, Siemens) & ©]&3}o] #2413}

gom AFAEL Hounsfield unit(HU)S 7|07 —1o4 —1024HU %t

o

Aso 2 SASAG (2™ 3). AA #HFEY (Total lung volume; Totalv) &=
Lung Parenchyma Analysis(Syngo InSpace, Siemens Healthcare) & ©| &

3o Hounsfield unit(HU) & 7|22 1o]4 1024HU #& =

o
|\
o,
o
=

¥ —1olA —1024HU 2 Aso=z 4T e ot A&l 71

AE stk HRAESHANT sk Ad o BRAE B3 A=

(RelPD %) &= tha &2 o2 AAbetsitt. (6]

I N R

b

F31 HAE (RelPD %) = 100 X ¥ #FHEEY

(PDvol) / AA # %3 (Total lung volume)
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3. LungPBV (Syngo Dual Energy, Siemens Healthcare) & o] §3&}o] &
E WY Ak IF dE Fy 549 o, (A) 225 FEAES axial 4. H
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2 E Z4+= R (version 3.2.2.; R Foundation for Statistical Computing,
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3.1. A A EA 4

A7ol TFE AF AL 146We) FAANDE BA= FA) 66

H(44.9%), AA7F 809 (55.1%) ©l o™ H tpole= 63.64], Hhole] W

A= 224158 89A47FA AT},
FAUL F 4629 oA, AMY A= F 55 (35.0%) 01Tk 1
ZFoA 309 W AFEEE kxS 247 (15.3%) )R, HANAS A ALY

BAE F 209 (12.7%) olgith ANAZ A% A BAE 199 309 o]

ol

T APRea, YHAE BE 309 o) AbRaract.

3.2. 93 AR % G £

A A7 w7 18 A 2E 2= 50 (34.2%) ©)Qa, A
ZHE 309 W AP A7+ (N=24) = 179 (70.8%) A 1xt} A}

Zora, HAAZ A AFY S3AA(N=20) ZFoA= 199 (95.0%) o4 1R

o

Ay gkt
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(O Jo|AZ2 d2)

302 W AbE HARAE d# A
Al AMZE AUtk ANZ=
TH (1\}:23) (Nggzz) Palue (1\}:2%) (NJ§=L1 o) ~ [value
o], Mean=tstd® 69.6x£11.2 62.4x£14.7 0.0652 69.8£10.8 62.6x£14.7 0.0941
}S]Qb, N(%) 14(58.3) 66(54.19) 0.7032 10(50.0) 70(55.6) 0.6428
S9A8 0 4
184, N(%) 17(70.8) 52(42.6) 0.0114 13(65.0) 56(44.46) 0.0872
2, N(%) 5(20.8) 33(27.1) 0.5258 4(20.0) 34(27.0) 0.5084
EdYc, N(%) 3(12.5) 28(21.7) 0.5705 2(10.0) 26(20.6) 0.3664
A4 3 N(%) 2(8.3) 12(10.2) >.9999 3(15.0) 11(8.8) 0.4118
A #H 2 89 N (%) 2(8.3) 7(5.7) 0.6422 2(10.0) 7(5.6) 0.3562
WA g A S, N (%) 4(16.7) 10(8.2) 0.2484 4(20.0) 10(795) 0.1033
HE, N(%) 11(45.8) 15(12.3) 0.0004 8(40.0) 18(14.3) 0.0102
o, N(%) 16(66.7) 69 (56.6) 0.3587 14(70.0) 71(56.4) 0.3311
30¢ Ul &, N(%) 1(4.2) 35(28.7) 0.0108 1(5.0) 35(27.8) 0.0268
AW Al N(%) 6(25.0) 8(6.6) 0.0129 4(20.0) 10(7.9) 0.1033

7 Std: standard deviation, © ¢34 7]=

SR FA F AL WA FAR S mE

R s | B s | AR [

fas
=

!
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23 54 (o1A Fo]A g d4)

309 W Arg

AP VET

AR

BH (N=24) (N=122) Palue (N=20) (N=126) Palue
8 ARAAL
&2, N(%) 18(75.0) 69(53.3) 0.0495 75(75.0) 68(54.0) 0.0923
%, N%) 0(0.0) 7(5.7) 0.5999 0(0.0) 7(5.6) 0.5937
7134, N(%) 1(4.2) 1(0.8) 0.3027 1(5.0) 1(0.8) 0.2560
915 5¢ N(%) 4(16.7) 5(4.1) 0.0405 4(20.0) 5(4.0) 0.0209
N (%) 7(29.2) 8(6.6) 0.0037 6(30.0) 9(7.1) 0.0070
Folgl 5%, N(%) 0(0.0) 21(17.2) 0.0250 1(5.0) 20(15.9) 0.3085
D—dimer, Mean=*std 6007.0£9008.0 4754.1£6117.2 0.3795 6026.619547.3 4785.8£6097.9 0.2658
i]JE,_g
-S4, N(%) 16(66.7) 105(86.1) 0.0346 14 (70.0) 107(84.9) 0.1111
8 A, N(%) 1(4.2) 12(9.8) 0.6947 1(5.0) 12(9.5) >.9999
HAL A, N(%) 2(8.3) 3(2.5) 0.1480 2(10.0) 3(2.4) 0.1385

°>203)/%
> 1003)/%
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304 Wl AFZ HAAST AdF AHY
A}k M= A}k M=
BE (1\}:23) (NJ§=L1;:;) Pvalue (1\}:2%) (Ng:é;) Pvalue
HYAZF AX* 0.5449 0.5926
FH 5, N(%) 4(16.7) 37(30.3) 4(20.0) 37(29.4)
A9 F W, N(%) 7(29.2) 34(27.9) 8(40.0) 33(26.2)
A5 N(%) 10(41.7) 41(33.6) 6(30.0) 45(35.7)
B e E9, N(%) 3(12.5) 10(8.2) 2(10.0) 11(8.7)
FAEHEE
Totalv®(cm®), Mean*std® |1423.8+735.4 2192.5+1094.8 0.0010 1573.8+940.3 2144.2+1084.1  0.0198
PDv?(cm®), Mean * std 182.4+175.0 182.6+142.1 0.7255 220.5+196.9 176.5+138.0 0.4239
RelPD %°(%), *+std 13.1+10.6 9.0+7.2 0.0260 144+11.1 9.0+7.1 0.0062
RVD'(cm), Mean+std 4.3+0.6 4.0+0.6 0.0573 4.5+0.5 4.0+0.6 0.0004
LVD#(cm), Mean* std 3.9%0.5 4.2+0.6 0.0043 3.8+0.4 4.2+0.6 0.0009
VD ratio®, *+std 1.1£0.2 1.0£0.2 0.0009 1.2%0.2 1.0£0.2 <.0001

EErEE

f

o

1=2E= |

A A) ;073 g

Wl A P A ¥ 53 (Total lung volume), © Std: standard deviation

¢ ¥ BFAEFY (PDvoD), ¢ A H RFAE B A=

}Jr}\] Al

’ v =

A

£l

a

A" 24 A7 ¥ (RVD/LVD ratio)
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3.3. B4 ARl GFL WAL AR #Y

Add=2HE 309 o APEsE SxpatelA ofe] AAbe] digte] Cox
proportional hazard regression model®] ©¥H<I= £ (univariate analysis)

= EH Yo7k @ w, adstol 3l

o
£
&
ulls
o
30
o
£
(@]
,%
i
o
&Y

304 Wiell ==t WHol 3l

o

W, 2em F PUES AR Al f9)
S0 ¥1#91% % (Hazard ratio; HR)€) Ao/} 9giov] 44 27 w7} 2
oo o) o BRAE 3 AAETL 2 el el wdANRE} =
Sheh(E3).

AESAA, 2da F HAE GHAM BlEfERE v 127 Sfs 3749

b
a
J

2dlS o] 83}o] Cox proportional hazard regression model® thw
(multivariate analysis) = A3 3l c—indexdt= vl wall HYrh(E4, E5H).

AdA @A AA A v E Frhst Zd 1o 309 W AFET
AT A AP vEREEE 247 6.6667 40.273°.% YERRLAL,

C—indext ZH7} 0.857% 0.889% =74 =Ytk #FAESHAE F718
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X3. Cox proportional hazard regression model®] @4 £4] (univariate analysis)

304 W AFZ HAHAZFT AF AP

g5 HR? 95% CI° P value HR 95% CI P value
1} o] 1.042 1.004, 1.081 0.0280 1.043 1.001, 1.088 0.0440
e 1.179 0.529, 2.624 0.6870 0.791 0.329, 1.900 0.6000
D—dimer 1.000 1.000,1.000 0.4430 1.000 1.000,1.000 0.4750
A= 3.027 1.254, 7.305 0.0140 2.323 0.926, 5.828 0.0730
e 0.821 0.307, 2.199 0.6950 0.778 0.260, 2.328 0.6540
Ay 0.549 0.164, 1.840 0.3310 0.425 0.099, 1.830 0.2500
AEHA S 0.885 0.208, 3.762 0.8680 1.707 0.500, 5.826 0.3930
T ) A gk 1.383 0.325, 5.880 0.6610 1.688 0.392, 7.277 0.4820
T ) 2423 o) A gt 2.235 0.764, 6.543 0.1420 2.782 0.930, 8.325 0.0670
H 4.523 2.024,10.110 0.0002 3.573 1.459, 8.752 0.0050
oF 1.509 0.646, 3.527 0.3420 1.766 0.679, 4.596 0.2440
304 U = 0.118 0.016, 0.877 0.0370 0.144 0.019, 1.072 0.0590
ZA AW A 3.872 1.536, 9.762 0.004 2.933 0.980, 8.781 0.055
VD ratio’ 5.811 2.406, 14.03 <.0001 45.77 6.121, 342.2 0.0002
RelPD %* 1.042 1.007, 1.078 0.0185 1.051 1.015, 1.088 0.0051

[id
=)

ke

3 HR: hazard ratio, ° CI: confidence interval, ¢ 94 7]3, ¢ @A) 54 ZQ A9} FAo EAs A4 nF

o
¢ AT AG A9, T A A4 ¥ (RVD/LVD ratio), © Atha 3 #74& 3] HAE
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X 4. Cox proportional hazard regression model®] T4 E4 (multivariate analysis); 304 W A%

=g 1° 2 2 mg 3¢

= HR¢ 95% CI° Pvalue HR 95% CI Pvalue HR 95% CI Pvalue
Yol 1.014  0.971,1.058 0.5354 1.027  0.982,1.074  0.2447 1.015  0.971,1.061  0.4998
k- g 3.418  1.089,10.728  0.0352 2.242  0.761,6.605 0.1431 3.359  1.062,10.620  0.0391
4 5.511  2.218,13.694  0.0002 5.684  2.324,13.901  0.0001 6.434  2.501,16.554  0.0001
304 W & 0.176  0.035,0.880  0.0344 0.397  0.084,1.864 0.2414 0.191  0.037,0.971  0.0460
FARER A9 0.094  0.012,0.712  0.0221 0.068  0.008,0.559 0.0123 0.067  0.008,0.533  0.0107
VD ratio’ 6.666  2.661,16.699  <.0001 - - - 5.400  2.038,14.307  0.0007
RelPD %¢ - - - 1.070  1.030, 1.111  0.0004 1.038  0.997,1.081 0.0706
C—index" 0.857 0.805 0.863
“ QA 1Al VD ratios F7HsE Ao vlEAEE vl B
P ol 91d Aol RelPD %5 F7Hst 459 wHIEES Hlwd 22
¢ A AR VD ratio®t RelPD %& F71st 492 nld s nlwdt 2d

4 HR: hazard ratio, ¢ CI: confidence interval, T 212 27 n] (RVD/LVD ratio),

A W BEAE 39 HAE "0 -19 FOR 1o ISR S5 Eo] =

dlo



¥5. Cox proportional hazard regression model®] T &4 (multivariate analysis); HAAS A&F A}
24 1° 2 2 2d 3°

= HR¢ 95% CI° Pvalue HR 95% CI Pvalue HR 95% CI Pvalue
Yo 1.043  0.997,1.092  0.0070 1.049  1.003,1.098  0.038 1.044 00997, 1.093  0.0701
wd 2.240  0.875,5.733  0.0925 3.480  1.365,8.874  0.009 2.675  1.016,7.042  0.0464
309 W & 0.149  0.020,1.136  0.0662 0.073  0.009,0.610  0.016 0.103  0.013,0.846  0.0344
VD ratio’ 40.273  5.369,302.080  0.0003 - X - 32.262  4.196,248084  0.0008
RelPD %* - - - 1.082  1.041,1.125  <.0001 1.037 0992 1.083  0.1112
C-index 0.889 0.775 0.903
A S1ERIA e VD ratios F7he A9 vHATEE vluws 2
b garA 918 Ate] RelPD %S F713 49 A ES vug 2
¢ A EAA VD ratio®}t RelPD %5 F7Hst 292 vl P EE vlad 2

HR: hazard ratio, ¢ CI: confidence interval, ' 214 27 1] (RVD/LVD ratio),

YA W BRAE 2y HAE "0 -19 go® 1o /heFE c5EYol 15
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X6. 297k c—index H]I £4

300 W A WAdE QAw A
Pyal C—index® #}o]9 Pyal C—index o]
vaiue 95% CI’ vaiue 95% CI
29 1° (VD ratio%
VS. 0.1342 —-0.125, 0.005 0.0161 —-0.191, —0.026
2d 2° (RelPD %)
249 1 (VD ratio)
VS. 0.4353 —-0.023, 0.018 0.0583 —0.033, 0.004
24 3% (VD ratio + RelPD %)
249 2 (RelPD %)
VS. 0.0523 —0.120, —0.004 0.0034 —-0.199, —0.042
249 3 (VD ratio + RelPD %)

“0-19 e 1o M TE A5l
¢ A3 S8 VD ratios F7Het ¢

4 24 A7 8] (RVD/LVD ratio)

© Q1 @Al RelPD %8 F7he 749

& o)A Q& el A}l VD ratio?t RelPD %=

TS - -
=5, CI: confidence interval
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ABSTRACT

Assessment of prognosis in acute pulmonary embolism
using dual—energy CT pulmonary angiography

with perfusion defect measurement

Directed by Woocheol Kwon
Department of Medicine
The Graduate School, Yonsei University

Dongjin Im

PURPOSE: Dual—energy computed tomography (DE CT) can provide
information on lung perfusion defects using iodine distribution maps. It is
useful for the diagnosis and prediction of prognosis of acute pulmonary
embolism (PE). In this study, we assessed the relationship between
relative lung perfusion defect (RelPD %) measured by DE CT and
mortality, and also the additional effectiveness of RelPD % in the
prediction of prognosis as compared to ventricular diameter ratio (VD

ratio) in PE patients.

MATERIALS AND METHODS: From June 2010 to July 2015, 146

patients who underwent DE CT and were diagnosed with acute PE were
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recruited for this study. The primary endpoints were 30—day all—cause
mortality and PE-related mortality. Comparison of hazard ratio was
performed using the Cox proportional hazards regression model and
concordance index (C—index). We constructed three models: model 1
comprised addition of VD ratio to the clinical risk factors, model 2
comprised addition of RelPD % to the clinical risk factors, and model 3

comprised addition of VD ratio and RelPD % to the clinical risk factors.

RESULTS: Among 146 patients with acute PE, 24 (15.3%) died within
30 days and 20 (12.7%) died of PE—related causes. The VD ratio of
patients with 30—day all—cause mortality was significantly higher than
that of the survivor group (1.12 versus 0.96, p < 0.05), and the VD ratio
of patients with PE—related mortality was also significantly higher than
that of the survivor group (1.14 versus 0.96, p < 0.05). The RelPD % of
patients with 30—day all-cause mortality (13.1%) and PE-related
mortality (14.4%) was higher than that of the survivor group (9.0% and
8.9%, all p < 0.05, respectively).

In model 1, the hazard ratios of patients with 30—day all—cause
mortality and PE—related mortality were 6.666 and 40.273, respectively,
while the C—indexes were 0.857 and 0.889, respectively. In model 2, the
hazard ratios of patients with 30—day all—cause mortality and PE—
related mortality were 1.070 and 1.082, respectively, while the C-—

indexes were 0.805 and 0.775, respectively.

In model 3, the hazard ratios associated with the VD ratio were 5.400

for patients with 30—day all—cause mortality and 32.262 for those with
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PE —related mortality. The hazard ratios for RelPD % were 1.038 for 30—
day all-cause mortality and 0.037 for PE-related mortality. These
values showed relatively lower hazard ratios than those of models 1 and
2. The C—indexes of the patients with 30—day all—cause mortality and
PE —related mortality were 0.863 and 0.903, respectively. There was no
significant difference among the C—indexes of models 1, 2, and 3 for
patients with 30—day all—cause mortality. The C—indexes of models 1
and 3 were higher than that of model 2 for patients with PE-—related
mortality, while there was no significant difference between models 1

and 3.

CONCLUSION: The RelPD % of DE CT is a valuable prognosis prediction
factor in patients with acute PE. It did not, however, show additional

effectiveness over the VD ratio.

Key words : Acute pulmonary embolism, Dual—energy computed tomography,
Pulmonary angiography, Ventricular diameter ratio, Relative

lung perfusion defect percent
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